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EXECUTIVE SUMMARY 

The goals of this study were, first, to estimate the total number of local-agency-owned 
signalized intersections using crash data as a proxy for their detection and, second, to estimate 
the total infrastructure value of traffic signals in the state of Michigan using average cost data 
from bid lettings in the Michigan Department of Transportation’s (MDOT) bid system for 
projects that included traffic signals.  

The study defined a “signalized intersection” as an intersection of two public roads shown on 
the Michigan Geographic Framework Base Map version 20 that contained at least one traffic 
control signal head, a three-light (i.e., red-yellow-green) device that alternates the designation 
of right of way at the intersection. Traffic signals at intersections having at least one MDOT 
trunkline leg were considered MDOT owned while traffic signals at intersections having no 
MDOT trunkline legs were considered local-agency owned. Traffic signals that were not located 
at road intersections, such as pre-emption signals, and that were located at railroads were 
considered signals when collecting ground truth but were not detected using the method 
outlined in this study. 

The study created a ground truth data set consisting of approximately 1261 signalized local-
agency intersections by manually searching for them on geolocated aerial- and street-level 
images. Ground truth data sets were quality-control checked using peer review and information 
from local-agency inventories. The ground truth data set included all local jurisdictions within 
the following geographic counties: Otsego County, Grand Traverse County, Midland County, 
Houghton County, Gratiot County, Saginaw County, Kalamazoo County, Kent County, and 
Washtenaw County. Ground truth also was created for the following large cities: City of 
Marquette, Bay City, City of Saginaw, City of Ann Arbor, City of Grand Rapids, City of 
Kalamazoo.   

The signal detection method relied on the traffic control field in Michigan crash records, 
specifically the UD-10 form, to determine if a traffic signal was likely present. If the traffic 
control field in UD-10 crash records indicated that a traffic signal was likely present, the study 
aggregated the crash data geographically that occurred within 50 feet of an intersection. Crash 
data was aggregated from the most currently available data in 2020 back three years to 2017. 
Intersections that had 52 percent or more aggregated crash data records indicating a traffic 
control relevant to the crash were marked as a detected signal location. The study optimized 
the distance from the intersection, the number of years of crash data, and the consensus 
percentage to increase the detection accuracy.  
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The optimized detection method accurately predict (i.e., had a detection accuracy of) 99.0% of 
the number of ground truth local-agency traffic signals. Detected locations correctly pinpointed 
(i.e., had a location precision of) 89.5% of the ground truth locations.  

The detection method identified 6690 local-agency-owned signalized intersections and 4050 
MDOT-owned signalized intersections for an estimate statewide total of 10740 signalized 
intersections. The detection method was not optimized to identify MDOT-owned signals, but 
anecdotal evidence indicates reasonable performance.  

To estimate the monetary value of traffic signal assets, twenty-four MDOT let construction 
projects from 2019 that included traffic signals were identified and bid tabulations were 
evaluated. Project costs were separated based on professional opinion on what constituted 
traffic signal work and other non-signal related pay items. Reviewers used project descriptions 
and pay item quantities to estimate the number of signalized intersections addressed by the 
project. Project costs were divided by the number of traffic signals addressed by the project to 
develop an average cost per signalized intersection. Per intersection average signal costs were 
calculated at approximately $193,000.  

An estimate of total infrastructure investment in signaled intersections was calculated using the 
estimate of total intersections and the average cost per intersection. The study estimates that 
Michigan has approximately $1.29 billion in local-agency-owned traffic signal infrastructure and 
$780 million in MDOT-owned traffic signal infrastructure for a total of $2.07 billion dollars in 
traffic signal investment.  

The method outlined in this study enables future updates of the estimated number of traffic 
signal assets with little effort as new crash data becomes available. This provides a potential for 
the Michigan Transportation Asset Management Council (TAMC) to updates its statewide 
inventory without the need to develop and deploy a survey- and reporting–based data 
collection method, which would require input from various owners of the road and bridge 
transportation network. Since the system uses three years of crash data, re-running this 
method would be recommended after three years.  
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BACKGROUND 

Public Act 325 of 2018 provided a specific charge for the Michigan Transportation Asset 
Management Council (TAMC) to oversee “…assets that impact system performance, safety, or 
risk management, including signals and culverts”. Having the number of traffic signals and the 
cost associated with installing them would enable the TAMC to determine the level of oversight 
that is appropriate for traffic signal assets. If, for example, traffic signals represent a small 
portion of the total cost of local infrastructure or if traffic signals are asymmetrically 
distributed, the TAMC may elect to collect minimal data on signals.  

Traffic signal data for the Michigan Department of Transportation (MDOT) is available in a 
single database; however, Michigan’s 83 counties and 533 cities and villages each have their 
own data storage practices, which makes it difficult to determine the overall number and 
distribution of Michigan’s traffic signal assets. Furthermore, to obtain accurate data from the 
numerous local road-owning agencies would require more than 600 contacts.  

This project has the following tasks: 1) establish an estimated total number of local-agency-
owned traffic signals, 2) determine an average construction cost per local-agency signalized 
intersection, and 3) produce an estimated infrastructure value of the total local-agency-owned 
traffic signal assets based on task 1 and 2. 

Crash Data as a Proxy 

In 2019, Michigan had 314,376 traffic crashes, of which 97,188 were at an intersection 
(Michigan Office of Highway Safety Planning, 2019). Crashes are widely distributed throughout 
the road network, and provide data about road features,  including the type of traffic control at 
intersections. Because of this, crash data can serve in lieu of collecting an asset-specific 
inventory for determining features about the road network.  

In this study, Michigan crash data was used as a proxy to determine the total number of 
signalized intersections in Michigan. The Michigan UD-10 crash form includes a field for 
indicating the traffic control when crashes occur at intersections. Figure 1 illustrates the traffic 
control field on the current UD-10 form which has been present since at least 1999. 
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Figure 1: State of Michigan UD-10 traffic crash report form 

 

The current Michigan UD-10 instruction manual indicates that the traffic signal field should be 
completed as follows: 

“If a Traffic Control [sic] device was relevant to the crash, select which type of Traffic 
Control was present. If the crash occurred within 150 feet of an intersection and a Traffic 
Control device was present, indicate which type of Traffic Control was present at the 
intersection. If a Traffic Control device was not involved, select 96-None. 

A traffic signal is a 3-light (red-yellow-green) devise [sic] that alternately assigns right of 
way. If the signal is in a red-yellow flashing pattern, it is still considered a signal. Select 1-
Signal regardless of whether or not the traffic signal was operating properly at the time of 
the crash. 

A single light overhead beacon that flashes red or yellow is not a traffic signal, but would 
be considered either a 2-Stop Sign or 4-Yield Sign.” (Michigan State Police, 2018) 

 

The instructions for this field indicate that an officer should include the traffic control data if a 
traffic control device was “relevant to the crash” or if “the crash occurred within 150 feet of an 
intersection and a traffic control device was present” (emphasis applied). The instructions also 
provide the guidance to “select 96-None”if a traffic control device was “not involved” 
(emphasis applied).  This field is left to the officer’s judgement to determine whether the traffic 
control device was involved  as a factor in the crash, and does not automatically indicate the 
presence of traffic control. 
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If every crash near an intersection was related to the traffic control and if crash data was 
flawless, it would be trivial to use this field to determine the presence of a signalized 
intersection. However, on a national level, crash data has a high number of fields, a large 
number of officers recording crash data, and is often a necessary afterthought for officers who 
must maintain control and safety at the crash site itself.  

Traffic Signal Estimates from Crash Data Using a Consensus 
Approach 

This study used a consensus approach to identify signalized intersections from crash data. In 
other words, this study used spatially-aggregated crash data for an intersection as a repeated 
measure for determining if the intersection in question was signalized. Traffic signal detections 
made by the process were compared to ground truth data sets (i.e., verified data sets of 
intersections used as a control) in order to adjust the process, by modifying one of five 
controlling factors, to produce the most accurate results.  

In this study, a “traffic signal installation” was defined as an intersection of two public roads, 
shown on the Michigan Geographic Framework Base Map version 20, that contained at least 
one three-light (i.e., red-amber-green) traffic control signal head for the purpose of alternating 
the designation of right of way at the intersection. Traffic signals that are not located at road 
intersections, such as pre-emption signals and traffic signals at railroads, were considered 
signals when collecting ground truth; however, the detection method could not detect these 
locations accurately since they do not occur in the Framework Base Map road-to-road 
intersections (i.e., where one road intersection with another road). Flashing beacons, such as 
the one illustrated in Figure 2, were not considered traffic signals for the purposes of this study. 
Traffic signals considered “local-agency owned” were those that occurred at intersections of 
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local roads with other local roads, while traffic signals considered “MDOT owned” were those 
located on an intersection with at least one MDOT-owned leg. 

 
Figure 2: Flashing beacon, which was not considered a traffic signal for the purposes of this study  

 

Ground truth data sets relied on traffic signal counts or traffic signal databases from Michigan 
local agencies that were verified by geolocated aerial and street-level images. Initial efforts to 
use traffic signal counts or traffic signal databases from local agencies and MDOT encountered 
disparate definitions of what is considered a traffic signal; often, these data sets included a 
wider array of electronic traffic control devices in the definition in comparison to how traffic 
control devices are being defined by this study. For example, some local agencies did not 
differentiate between traffic control signals and flashers or pedestrian signals. Some local-
agencies also included traffic signals from other jurisdictions on road assets that they maintain 
but do not own; this included MDOT-owned traffic signals and traffic signals from other 
jurisdictions that were maintained under contract. Furthermore, some of these data sets had 
not been updated for many years, thus being potentially no longer accurate.  These 
complications resulted in an imprecise representation of the traffic signal assets and did not 
provide the quality data that could be used as ground truth. Therefore, this study developed its 
own ground truth from inspection of geolocated aerial and street-level images for traffic signal 
locations identified in the data sets.  
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METHODS 

Task 1: Estimating Traffic Signal Assets 

Ground Truth 
To generate the ground truth data set for this study, several geographical counties were 
selected. Data sets of the geographical counties included all local roads within a county 
boundary (i.e., roads owned by both the county road commission and municipalities) but 
excluded MDOT-owned roads or intersections with at least one MDOT-owned leg. Selected 
geographical counties represented a wide geographical distribution throughout the state as 
well as both urban and rural settings. This selection criteria created a large, diverse traffic signal 
data set that best represents the traffic signal assets across Michigan’s 83 counties and 533 
cities and villages.  

Major cities within geographic counties were segregated into city data sets for separate analysis 
in order to determine if different factors between counties and cities would impact traffic signal 
detection. 

Geographical counties chosen for the ground truth data set were Otsego, Grand Traverse, 
Midland, Saginaw, Washtenaw, Kent, and Kalamazoo (see Table 1 and Figure 3). Also included 
in the geographical county data sets were Houghton and Gratiot Counties. These counties did 
not have any local-agency-owned traffic signals present. Therefore, these geographical counties 
acted as a null test to verify false positive performance. Major cities in the ground truth data set 
were Saginaw, Ann Arbor, Grand Rapids, and Kalamazoo. Also included in the major cities data 
set were Marquette and Bay City (see Table 1 and  Figure 3)).  
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Ground truth was generated by manual visual inspection of traffic signals using geolocated 
aerial and street-level geo-located images from Google Maps. When available, initial traffic 
signal data provided by each community was used as a starting point. A technician manually 
scanned each section of road and each intersection on the Google Maps aerial images searching 
for traffic signals. Street-level images confirmed traffic signals that appeared in aerial images. 

Traffic signal locations were added to a geographic information system (GIS) inventory of 
intersections using the asset management system Roadsoft. To speed entry and ensure 
accuracy, the technician used Roadsoft’s Google integration for creating the ground truth 
inventory of traffic signals (Figure 4). 

 

Table 1: Ground Truth 
Locations 

Geographic 
County Major City 
Otsego Marquette 

Grand Traverse Bay City 
Midland Saginaw 

Houghton Ann Arbor 
Gratiot Grand Rapids 

Saginaw Kalamazoo 
Washtenaw  

Kent  
Kalamazoo  

Figure 3: Ground truth locations 
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Figure 4: Roadsoft traffic crash module used for traffic signal ground truth verification 

 

The traffic signal ground truth inventories were first checked against agency provided data to 
verify that all traffic signals were included. A sampling of each jurisdiction was peer reviewed 
using the aerial image review process to verify that no traffic signals were missed or incorrectly 
identified. The peer review sampling indicated a very low error rate in ground truth creation.  

A second check of ground truth used the traffic signal identification method outlined in this 
study with a low consensus percentage (25%) to identify all intersections that may have signals 
followed by a manual review of the identified locations to verify ground truth.  The low 
consensus percentage identification technique is discussed in the Methods and Results 
sections.   

 

Aggregating Crashes 
This study used ten years of geo-located Michigan crash data from all across Michigan. The 
2020 data set was only partially complete, ending in May of 2020. To store and analyze the 
crash data, the study used the Roadsoft software suite, which is a roadway asset management 
system for collecting, storing, and analyzing data associated with transportation infrastructure. 
Roadsoft has an existing procedure for importing Michigan crash data, integrates with the 
Framework Base Map, and has spatial and data query features for manipulating crash data. 
Roadsoft also has a traffic signal inventory layer that simplifies recording of ground truth and 
final output of results.  

Queries in Roadsoft aggregated crash data based on the spatial distance from a crash location 
to the nearest road-to-road intersection in the Framework Base Map. The aggregated crashes 
were associated with the respective Framework Base Map intersection. Roadsoft’s crash 
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analysis module includes a Crash Intersection Ranking tool, which provides a ranking of all road 
intersections based on the number of crashes associated with each intersection (Figure 5). Data 
queries can be performed on the associated crashes to include or exclude records based on 
criteria. This study used the Roadsoft query function in combination with the intersection 
ranking tool to identify intersections that met detection criteria to indicate a traffic signal was 
present. These detected locations were compared against the ground truth to measure the 
method’s accuracy and to optimize query functions. While this same functionality can be 
replicated in most GIS software, they often require additional processing when using generic 
GIS spatial and data query tools. 

 
Figure 5: Screenshot of crash data interface in Roadsoft 

 

Performance Criteria 
Two performance criteria were developed for this study as a means for optimizing the 
detection method. The main performance criterion is the detection accuracy percentage, which 
is calculated by dividing the total count of detected locations by the number of traffic signals in 
the ground truth and multiplying by 100 (see equation below). 

 
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐿𝐿𝑜𝑜𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿𝐿𝐿 𝐷𝐷𝑁𝑁𝐿𝐿𝑁𝑁𝐿𝐿𝐿𝐿𝑁𝑁𝐷𝐷

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑇𝑇𝑁𝑁𝐿𝐿𝑜𝑜𝑜𝑜𝐿𝐿𝐿𝐿 𝑆𝑆𝐿𝐿𝑆𝑆𝐿𝐿𝐿𝐿𝑆𝑆𝐿𝐿 𝐿𝐿𝐿𝐿 𝐺𝐺𝑁𝑁𝑜𝑜𝑁𝑁𝐿𝐿𝐷𝐷 𝑇𝑇𝑁𝑁𝑁𝑁𝐿𝐿ℎ
𝑋𝑋 100 = 𝐷𝐷𝑁𝑁𝐿𝐿𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿 𝐴𝐴𝐿𝐿𝐿𝐿𝑁𝑁𝑁𝑁𝐿𝐿𝐿𝐿𝐴𝐴 𝑃𝑃𝑁𝑁𝑁𝑁𝐿𝐿𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿𝑆𝑆𝑁𝑁 

This performance criterion only assessed whether the total count of signalized intersection 
identified by the detection method matched the count in the ground truth. False positives and 
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undetected locations did not directly detract from this performance metric as long as the total 
count matched.  

The second performance criteria is location precision, which is calculated by dividing the 
number of correctly identified traffic signals divided by the number of traffic signals in ground 
truth and multiplying by 100 (see formula below). Location precision is a measure of the 
number of ground truth locations that were detected by the location method, with no penalty 
for false positives. This criterion was the secondary means for optimizing the detection method 
since the study was specifically seeking an accurate count of traffic signal assets.  

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐶𝐶𝑜𝑜𝑁𝑁𝑁𝑁𝑁𝑁𝐿𝐿𝐿𝐿𝑆𝑆𝐴𝐴 𝐼𝐼𝐷𝐷𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿𝑁𝑁𝐷𝐷 𝑇𝑇𝑁𝑁𝐿𝐿𝑜𝑜𝑜𝑜𝐿𝐿𝐿𝐿 𝑆𝑆𝐿𝐿𝑆𝑆𝐿𝐿𝐿𝐿𝑆𝑆 
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑇𝑇𝑁𝑁𝐿𝐿𝑜𝑜𝑜𝑜𝐿𝐿𝐿𝐿 𝑆𝑆𝐿𝐿𝑆𝑆𝐿𝐿𝐿𝐿𝑆𝑆𝐿𝐿 𝐿𝐿𝐿𝐿 𝐺𝐺𝑁𝑁𝑜𝑜𝑁𝑁𝐿𝐿𝐷𝐷 𝑇𝑇𝑁𝑁𝑁𝑁𝐿𝐿ℎ

𝑋𝑋100 = 𝐿𝐿𝑜𝑜𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿 𝑃𝑃𝑁𝑁𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿 𝑃𝑃𝑁𝑁𝑁𝑁𝐿𝐿𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿𝑆𝑆𝑁𝑁 

The two performance metrics were used to assess the results of different detection criteria.  

An example of how these criteria work is as follows: If a ground truth set included 100 
signalized intersections and if the detection method correctly identified 90 signalized 
intersections and 10 false positives for a total of 100 detected locations, the detection accuracy 
would be 100 percent because the errors (i.e., false positives and undetected locations) are 
complimentary and cancel out each other, but the location precision would measure only 90% 
due to the ten false positives(see example calculations below) . 

𝐷𝐷𝑁𝑁𝐿𝐿𝐿𝐿𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿 𝐴𝐴𝐿𝐿𝐿𝐿𝑁𝑁𝑁𝑁𝐿𝐿𝐿𝐿𝐴𝐴 % = 100
100

 𝑥𝑥 100 = 100%  

𝐿𝐿𝑜𝑜𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿 𝑃𝑃𝑁𝑁𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿 % = 90
100

 𝑥𝑥 100 = 90%  

  

Optimization 
The study used four data query factors to optimize the detection of signalized intersection. 
These query factors included: crash report consensus percentage, crash data year range, crash 
radius from the intersection, and minimum number of crash incidents.  

Crash report consensus percentage: The traffic control data field of the UD-10 report does not 
always accurately describe the nearest intersection’s traffic control (see Background section of 
this report). Therefore, the study used a consensus approach for detecting traffic signal 
locations by treating each crash report at a given intersection as a repeated measure. The crash 
report consensus percentage is the percent of crash reports that indicated a signalized 
intersection was related to the crash in question in comparison the total number of crash 
reports for the intersection. An intersection that met or exceeded the consensus percentage 
threshold of 52 percent was considered a detected signalized location.  

Crash data year range: The study had a total of ten years of crash data, from May 2020 back to 
2010 available for analysis. Data from 2020 was a partial year ending in May; all other years 
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were full years. Increasing the number of years of crash data used increased the number of 
crashes that could be used as a repeated measure; however, older crash data has a higher risk 
of intersections with changed traffic control schemes (i.e., being updated from four-way stop to 
signalized or from signalized to roundabout). The number of years of crash data included in the 
analysis ranged from the most recent three years to ten years previous. Three combinations of 
crash data were analyzed: the most recent three years of crash data (2020-2017), the most 
recent six years of crash data (2020-2014), and the most recent ten years of crash data (2020-
2010). 

Crash radius from an intersection: This factor associates the number of crashes to a particular 
intersection using the distance that the crash was recorded from the crash location to the 
nearby road-to-road intersection in the Framework Base Map. This factor ranged from 50 feet 
from an intersection to 150 feet from the intersection. The minimum distance was set at 50 
feet because it is the smallest distance that would reasonably encompass a vehicle-to-vehicle 
crash on an approach leg since it is approximately three-car lengths from the center of an 
intersection. The maximum distance was set at 150 feet to conform with UD-10 guidance on 
the type of crashes that can be associated with an intersection and, thus, likely to report traffic 
control data. Larger radii increased the number of crashes associated with an intersection, but 
also increased the likelihood that a particular crash was not related to a traffic control device.  

Minimum number of crash incidents: This factor screens out intersections that may only have 
one or two crashes associated with them in order to ensure a minimum number of crashes 
would function as the repeated measure for each intersection. This factor was set between 
zero (no minimum) and two crashes. 

These four query factors were experimentally varied to optimize both the primary performance 
metric (detection accuracy) and secondary performance metric (location precision) by 
comparing detected locations to ground truth. Multiple successive detection runs were 
conducted on all or part of the ground truth data set during which one query factor was varied 
while holding the remaining factors constant.  

The output of each trial run was a listing of intersections using the appropriate Framework Base 
Map intersection name that surpassed the detection threshold criteria for the given run, 
indicating a traffic signal was likely present. The intersection lists were compared with the 
ground truth traffic signal inventory using a macro-enabled spreadsheet to ensure matches 
(Figure 6). 
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Figure 6: Macro-enabled spreadsheet results indicating correctly detected locations, false positives, and missed 
signalized intersections for a test run with a 75% consensus rating using the most recent three years of data 

 

Task 2: Traffic Signal Cost Study 

Data Sources  
The study included a cost study to determine a rough-estimated project cost for local-agency 
traffic signal replacement and new installations. All road construction projects in Michigan on 
state-owned road projects and local-agency-owned road projects that use federal dollars must 
be processed through the MDOT bid letting system. This system processes over a billion dollars 
in construction and maintenance projects each year for roads owned by MDOT and local 
agencies. However, this system does not contain data for work on non-federal-aid-eligible 
roads or projects where a local agency used local funds to construct the project. Nonetheless, it 
was deemed likely that most traffic signal projects would use federal aid. Therefore, cost data 
was collected from bid tabulations in MDOT’s bid letting system. 

The MDOT bid letting systems provides detailed information on individual projects that are put 
out for bid for contractor consideration. Data includes a short description of the project 
detailing the work type and approximate limits, a listing of the types of pay items associated 
with the project, the quantity of each of the pay items, and the prices contractors bid for the 
respective items. The letting systems also include the total prices for each contractor that has 
bid for the project and an engineer’s estimate of costs.  

Bid letting data from June 2020 to October 2017 was analyzed to determine bid costs for local-
agency-let and MDOT-let traffic signal projects. The narratives in MDOT bid letting reports were 
parsed to find the description of the work in each bid project (Figure 7). Projects that included 
descriptions of traffic signal modernization or installation were selected for further analysis.  



 
14 

 

Information from MDOT’s bid letting system provides project cost data that only represents 
contractor bid cost for specific projects. The bid letting data does not include construction over-
runs or under-runs in the construction phase of the project. Current professional practice in 
Michigan indicates that low bid costs are routinely within plus or minus 10 percent of the final 
physical construction costs for most projects. The selected low bidder’s unit costs for signal-
related projects were used in this study.  

 

 

Figure 7: MDOT bid letting project report showing overall description and bidder results 

 

Each selected signal project was evaluated to determine the total number of intersections 
addressed by the project. The project extent description in each bid letting describes the 
approximate boundaries of each project. This study’s reviewers used the start and end point 
locations described in the bid letter to locate the project on satellite imagery. A count of the 
intersections involved in the project were recorded in a data sheet along with the bid costs. The 
number of signal heads contained in the bid were also used as a check to make a determination 
on the number of intersections that the project addressed. 

 

Cost Relevance Determination  
Each let project included hundreds of pay items that comprised the project (Figure 8). The 
intent of this study was to determine the cost of traffic signal infrastructure separate from 
other incidental road improvements. The study separated pay items from each traffic signal 
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project into five different cost categories: traffic signal equipment, pavement and roadway 
improvements, construction, structures, and incidentals.  

 
Figure 8: MDOT bid letting unit cost and volume for a specific projects  

 

Traffic signal equipment included pay items that were related to the traffic signal equipment, 
such as strain wire, signal cabinets, electrical services, cantilevered poles, pole foundations, and 
any obvious miscellaneous quantities of excavation or base material that may be related to a 
traffic signal. Pavement and roadway items were segregated out if there was a significant 
volume of road construction work, such as asphalt or concrete paving, curb and gutter, earth 
excavation, sand sub-base, or other quantities that may have been included as part of 
resurfacing or adding a lane. 

Structures pay items included work associated with extension or relocation of storm or sanitary 
sewers, manholes, catch basins, or culverts. 

Construction pay items were items that were necessary for staging and execution of the 
project, such as temporary traffic control, temporary pavement markers, flagging, and 
construction barriers or safety measures. Depending on one’s perspective, these items may be 
considered part of the traffic signal cost since they are necessary to put the device in place.  

Classification of bid item is not an exact science. Rather, classification was an interpretation 
without any first-hand knowledge of the project. Nonetheless, items were classified in a 
consistent manner, which should yield consistent results.  

 

Task 3: Traffic Signal Infrastructure Investment 

To determine the level of traffic signal infrastructure investment in the state of Michigan, the 
total cost for all traffic signal assets must be determined. Task 1 identifies an estimate of traffic 
signal assets in Michigan while Task 2 estimates rough costs per traffic signal asset. The traffic 
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signal infrastructure investment can be determined by multiplying the estimate of traffic signal 
assets (Task 1) by the cost per traffic signal (Task 2). 

 

RESULTS 

Task 1: Estimate of Traffic Signal Assets 

Local-Agency Traffic Signal Estimate 

Optimization Results 
Crash report consensus percentage: The project used a consensus approach when evaluating 
crash data to detect signalized intersections. The consensus percentage had the most impact on 
performance metrics for traffic signal detection. The optimization process ran repeated 
analyses using different consensus percentage thresholds, ranging from 25% and 75%. Although 
selecting a lower consensus percentage increased the location precision (i.e., detected 
locations were more likely to include all ground truth locations), a lower consensus percentage 
greatly increased the number of false positives skewing the detection accuracy by 24 to 41 
percent more than the actual traffic signal count.  

Low consensus percentages effectively screened locations for visual inspection. In terms of 
location precision, between 98 and 99 percent of the ground truth were contained in a 
detection run using a 25 percent threshold (Table 2). The three-year crash data run with a 25 
percent consensus threshold only added about 24 percent more false positive detection 
locations, which was not acceptable as a standalone estimate of signal number, but which was 
useful for double checking ground truth in combination with visual inspection to eliminate false 
positives and to minimize searching for missed traffic signals.  

High consensus percentages reduced false positives but also increased undetected traffic 
signals. A high consensus percentage found locations with a very high probability of traffic 
signals but left some traffic signals undetected (Table 2). High consensus percentages produce 
unsatisfactory standalone results although these detection runs are valuable for finding 
locations with the highest probability of having a traffic signal.  

After initial factor sensitivity testing, three of the four factors were fixed at their optimal 
settings while the consensus percentage was more finely tuned using an expanded data set. 
The number of years of data was set at the most recent three years (2017-2020), crashes were 
aggregated in a 50-foot radius from the intersection, and no minimum crash threshold used.  

Ground truth was collected for the geographic county and the major cities data sets. The 
consensus percentage was adjusted from 50 to 60 percent in order to determine the optimal 
setting for this factor. Results from each test run determined the direction of the consensus 
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percentage for the next run. Performance was optimal for the geographic county data set at a 
consensus percentage of 52 percent (Table 2).  

 

 

 

 

 

 

 

 

 

 

Performance was optimal for the major cities data set at a consensus percentage of 52 percent 
with data being processed in a manner identical to the geographic county data set (Table 3). 
The similarity between geographic counties and major cities data sets in the optimal consensus 
percentage threshold indicates that agency size does not appear to cause an impact. Cities did, 
however, perform slightly better than geographic counties. 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Consensus Percentage Optimization using Geographic County 
Ground Truth Data Sets from Otsego, Houghton, Saginaw, Grand 

Traverse, Midland, Gratiot, Washtenaw, Kent, and Kalamazoo Counties 
(including all local-agency jurisdictions within) 

Consensus percentage 50 52 55 60 
Missed signals 118 129 133 158 
False Positives 185 115 105 101 
Signals detected 1266 1185 1171 1145 
Ground truth 1199 1199 1199 1199 
Detection accuracy 105.6% 98.8% 97.7% 95.2% 
Location precision 90.2% 89.2% 88.9% 86.8% 

 

Table 3: Consensus Percentage Optimization using Major Cities Ground 
Truth using Data Set from City of Marquette, Bay City, City of Saginaw, 

City of Ann Arbor, City of Grand Rapids, and City of Kalamazoo 

Consensus percentage 50 52 55 60 
Missed signals 43 41 46 58 
False Positives 54 47 44 31 
Signals detected 588 583 575 550 
Ground truth 577 577 577 577 
Detection accuracy 101.9% 101.0% 99.7% 95.3% 
Location precision 92.5% 92.9% 92.0% 89.9% 
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The combined results from all ground truth data sets indicate that 52 percent is the optimal 
consensus percentage to maximize accuracy when using a consensus approach (Table 4). A 
detailed list of the accuracy of each geographic county and major city used in the ground truth 
set is included in Appendix A. 

 

 

 

 

 

 

 

 

 

 

Crash data year range: Crash data available for this study was divided into three sets: the most 
recent three years of crash data (2020-2017), the most recent six years of crash data (2020-
2014) and the most recent ten years of crash data (2020-2010). Increasing the number of years 
of crash data did not significantly improve performance metrics (Table 5), so this factor was set 
at the most recent three years of data for the remainder of the study.  

 

 

Table 4: Combined Performance Metrics for Total Ground Truth 

Consensus percentage 50 52 55 60 
Missed signals 122 133 138 163 
False Positives 197 121 111 107 
Signals detected 133 1249 1234 1205 
Ground truth 1261 1261 1261 1261 
Detection accuracy 105.7% 99.0% 97.9% 95.6% 
Location precision 90.3% 89.5% 89.1% 87.1% 

Table 5: Optimized Results using Consensus Percentage and Number of Years of Data for the 
City of Kalamazoo 

Consensus 
percentage 

25 50 60 75 25 50 60 75 25 50 60 75 

Missed signals 
3 10 16 36 1 14 15 35 2 9 15 51 

False Positives 
38 13 6 4 60 46 12 11 61 32 15 12 

Signals detected 
179 147 134 112 203 176 141 120 203 167 144 105 

Ground truth 
144 144 144 144 144 144 144 144 144 144 144 144 

Detection accuracy 
124% 102% 93% 78% 141% 122% 98% 83% 141% 116% 100% 73% 

Location precision 
98% 93% 89% 75% 99% 90% 90% 76% 99% 94% 90% 65% 
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Crash radius from an Intersection: The study evaluated crash data for crashes occurring at 
distances of 50 feet, 100 feet, and 150 feet from the center of the intersection. Intersection 
radii of 100 and 150 feet created a larger number of crash records per intersection but 
performed poorly for both performance metrics. An apparent reason for this poor performance 
was aggregating crashes from closely-spaced intersections at times pulled data from the wrong 
intersection. For example, two intersections on MacInnes Drive in Houghton, Michigan, are 
located close together. The MacInnes Drive/Townsend Drive intersection has a three-light 
traffic signal asset; near to that intersection is the MacInnes Drive and Woodland Road 
intersection, a stop-sign-controlled intersection. A search radius over 50 feet will associate 
crashes from the MacInnes Drive/Townsend Drive intersection with the MacInnes 
Drive/Woodland Road intersection being detected as a signal location (Figure 9).  

 
Figure 9: Example of a closely-spaced local intersection (Woodland Drive and MacInnes Drive) that is near the 
signalized intersections of US-41 (Townsend Drive) and MacInnes Drive. 

 

The minimum crash radius of 50 feet produced accurate results while also providing a sufficient 
number of crashes at each signalized intersection to allow detection. This factor was fixed at 50 
feet for the remainder of the study due to concerns of miss-associating crash data to adjacent 
intersections. 

 

Minimum number of crash incidents: The study experimented with requiring a minimum 
number of crashes for an intersection to be considered as a detected location since a minimum 
number of crash incidents forces a repeated measure of crash data (more than one) at each 
intersection. It was assumed that removing intersections with single crashes would be likely to 
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increase accuracy. The study discovered that requiring a minimum number of crashes at an 
intersection greatly reduced coverage of data and, thus, reduced detection accuracy and 
location precision.  

The minimum number of crash incidents factor was tested and was abandon as not beneficial 
using a statewide Michigan data set since it required significantly more years of crash data in 
order to ensure that repeated crashes occur at every intersection. This factor interacts with the 
crash data year range and may provide some benefit in other studies potentially as a screening 
method to direct manual review.  

 

Statewide Traffic Signal Estimate 
The final optimized detection method was used to address a statewide crash data set consisting 
of 89,544 individual crash reports with coverage throughout Michigan. Intersections were 
separated into two categories: those with at least one trunkline leg and those with only local 
legs. The former were considered traffic signals owned by MDOT and the latter were 
considered traffic signals owned by local agencies. There were 10,740 total signalized 
intersections detected in this study (Table 6). 

 

 

 

 

 

Back-calculating from the total detected local-agency traffic signals and the total number of 
ground-truth traffic signals used for this study indicate that ground truth data set comprised 
approximately 18 percent of the signals in the statewide estimate. Calculating the margin of 
error using the ground truth size and estimated total traffic signals at a 95-percent confidence 
interval results in a margin of error for this sample size is 2.5 percent, which indicates that 
sampling error is likely minimal and provides a high potential that the ground truth is 
representative of the overall count.  

Figure 10 and Figure 11 illustrate the location of local-agency traffic signals detected using this 
technique. Only 136 local-agency traffic signals (2% of the state total) were located north of a 
line from the southern boundary of Mason County to Huron County. The three core Detroit 
Metro geographic counties of Wayne, Oakland, and Macomb possess 3,912 of local-agency 
traffic signals (58.5% of the state total) detected. Adding Genesee, Kent, and Washtenaw 
geographic counties to this list finds 5,091 local-agency traffic signals (76% of the state total). is 
A heat map illustrating the relative concentration of local-agency traffic signals indicates that 

Table 6: Statewide Signal 
Count 

Local Agency 6690 
State Trunkline 4050 
Total 10740 
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local-agency traffic signals are mostly a regional phenomenon centered around a few urban 
geographic counties (Figure 12).  

 

Figure 10: Detected local-agency traffic signal locations. Note that not all signal locations will be 
apparent due to scale. 
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Figure 11: Detected local-agency traffic signal locations. Note that not all signal locations will be apparent due to 
scale. 
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Figure 12: Heat map illustrating the relative concentration of local-agency traffic signals 

 

The design of this study did not include optimizing the method to detect state trunkline traffic 
signals; however, it appears that the local-agency optimized method performed satisfactorily in 
detecting traffic signals on state trunkline roads. The process detected 4,050 signalized 
intersections that had at least one leg owned by MDOT. MDOT’s traffic signal database included 
3,248 signalized intersections, which appears to be a significant overestimation (additional 
24.7%) of the actual MDOT traffic signals. Evaluation of the MDOT signal database and 
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discussions with MDOT managers responsible for the database indicate that the definition of a 
signalized intersection used for this study differs from what MDOT as a road owner uses to 
define an intersection. In particular, MDOT’s definition of signalized intersections on divided 
boulevard sections of road differs from this study’s definition. MDOT typically counts the 
associated intersections on a boulevard section as one signal installation although the 
Framework Base Map shows these sections as two or four discrete intersections that are closely 
spaced (Figure 13 and Figure 14).  

 

 
Figure 13: Boulevard section showing five discrete intersections detected marked by blue dots while actual MDOT 
signal installations according to their GIS database marked by red stars 
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Figure 14: Boulevard section at street level  

 

Visually comparing detected locations of MDOT traffic signals to the MDOT traffic signal 
database indicates overall satisfactory agreement. Each data set shows relatively good 
agreement at different zoom levels (Figure 15, Figure 16, and Figure 17).  
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Figure 15: Trunkline traffic signals detected (blue dot) compared to actual (red star)  

 



 
27 

 

 
Figure 16: Trunkline traffic signals detected (blue dot) compared to actual (red star) 

 

 
Figure 17: Trunkline traffic signals detected (blue dot) compared to actual (red star) 
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Using a one-signal-per-1,000-population estimating rule, the traffic signals detected are within 
7 percent of the amount generated from the estimating rule. The Institute of Transportation 
Engineers routinely conducts a traffic signal state of practice report. The first issue of this report 
in 2004 estimated the number of traffic signals relative to population:  

There are over 300,000 existing signalized intersections in the United States using a rule-
of-thumb of one signalized intersection per 1,000 population. There are 2,550 new 
signalized intersections in the United States each year based on the US Census Bureau 
forecast of future population growth (0.85 percent). (Institute of Transportaton Engineers, 
2004) 

In 2019, Michigan had population of 9.987 million and, according to the estimating rule, would 
have an estimated 9,987 traffic signals, which is within 7 percent of the 10,740 traffic signals 
detected in this study.  

 

Task 2: Traffic Signal Cost Estimate 

Literature Review 
A few state Departments of Transportation (DOTs) have informational web pages that illustrate 
the cost of traffic signals anecdotally. While these pages are not research based and do not 
identify variables or limiters in the costs, they do offer general insight regarding the cost of 
signalized intersections. Washington DOT’s informational traffic signal web page estimates a 
taxpayer cost of $250,000 to $500,000 to purchase and install a traffic signal (Washington 
Department of Transportation, 2020). An undated Texas DOT informational flyer indicates that 
a traffic signal can cost “between $80,000 and $100,000 to install depending on the complexity 
of the intersection” (Texas Department of Transportation, 2020). And, the Wyoming 
Department of Transportation’s 2012 informational traffic signal brochure indicates that 
signalized intersections cost between $200,000 and $500,000 (Wyoming Department of 
Transportation , 2012) . 

Furthermore, this study found 24 separate bids from 2019 from which the number of 
intersections and number of traffic signal heads could be determined. From this bid data, this 
study extracted only the traffic-signal-related equipment in order to develop an average cost 
per signalized intersection. The signal cost per intersection ranged from $133,000 to $349,000 
with the average close to $193,000 per intersection (Table 7). The full list of projects with 
detailed cost breakdowns are included in Appendix B. 
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Task 3: Traffic Signal Infrastructure Investment  

Using the estimate of traffic signal assets from Task 1 and the average per-signalized-
intersection cost estimate Task 2, a rough total investment in traffic signal infrastructure was 
estimated (Table 8). It was beyond the scope of the cost study to differentiate between traffic 
signal costs for MDOT installations and local-agency installations or to determine differences 
between simple low-volume or rural signalized intersections and high-volume intersections 
equipped with infrastructure-to-vehicle communications.  

 

As a comparison, the TAMC 2018 culvert asset pilot study estimated that there was 
approximately $1.48 billion dollars of local-agency-owned culverts when considering just the 
installation of the culvert infrastructure.  

 

DISCUSSION 

Estimating Traffic Signal Assets: Method Limitations  

The age of the data used for the ground truth data set and the traffic signal estimates is a 
limiting factor for this study. The process for creating ground truth in this study is limited by the 
age of the currently-available geolocated aerial- and street-level images on Google products. 

Table 7: Traffic Signal Cost Summary 

Average number of heads 10.3 
Average number of intersections 3.2 
Average price per intersection $192,849 

Table 8: Statewide Traffic Signal Total Value 

Agency 
Estimate of Traffic 

Signal Assets 

Per-signalized-
intersection Cost 

Estimate Total Value in Billions 
Local agency 6,690 $192,849 $1.29 
MDOT 4,050 $192,849 $0.78 
Total 10,740 $192,849 $2.07 
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These images may be several years old in some cases, most commonly for images of low-
volume or rural roads. Despite the age limiter on the ground truth data set, the study team 
believes the ground truth data set is sound since the crash data used for the traffic signal 
estimates also lags current conditions. The study team holds that these age-related limitations 
should not adversely impact prediction.  

The detection of several types of signalized locations is also a limiting factor for this study. 
Signals that are not located at a road-to-road intersection will not be detected correctly using 
this process. Examples of signalized intersections that would not be correctly detected are 
road-to-rail-line intersections (Figure 18) and road-to-mid-block intersections that have 
preemption signals (Figure 19). During the study, these intersections were collected in the 
ground truth data set and were recorded as errors when they were not detected. In some 
cases, signals at these non-road-to-road intersections were close enough to a road-to-road 
intersection to cause a false positive at the road-to-road intersection. Future work on this 
study’s method could improve detection of these non-road-to-road intersections by considering 
road-to-rail-line intersections as intersections for aggregated crash data, similar to road-to-road 
intersections. Nonetheless, identifying road-to-mid-block intersections, like pedestrian 
crossings or pre-emption crossings, is difficult since there are no defining features in the 
Framework Base Map to evaluate.  

  
Figure 18: Railroad crossing 
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Figure 19: Industrial complex preemption signal 

 

Another limiting factor is closely-spaced intersections. This study’s method is subject to false 
positives at local intersections that are situated close to signalized intersections (Figure 20). For 
example, the study identified the Oslo Avenue and Michigan Avenue intersection in Iron 
Mountain as a signalized local intersection when, in fact, the crashes in question occurred at 
the Michigan Avenue and US-2 intersection, a signalized intersection 100 feet away. 
Improvements to the location precision metric could be made by spatially identifying detected 
intersections that are near other intersections and selecting the detected intersections for 
visual inspection.  
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Figure 20: Local road intersection (Olso Avenue and Michigan Avenue) near (100 feet) a signalized trunkline 
intersection 

 

Finally, estimating traffic signal assets is limited by rural intersections that have a single crash 
record. The method creates false positives at rural intersections with a single crash record 
(Figure 21). These single-crash rural intersections are subject to errors because they are highly 
dependent on the accuracy of the single crash report. In Figure 21’s  example cases, each 
detected intersection had a single crash report in which the Traffic Control field was 
erroneously marked with “signal”. This method could be improved by conducting a manual 
review of intersections with only one related crash report.  

Both of these false positive causes—closely-spaced intersections and single-crash rural 
intersections—do not adversely impact the estimate of traffic signal assets because they are 
balanced with a complementary number of missed signals. However, the false positives do 
degrade the location precision metric. 
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Figure 21: Three examples of false positive rural intersections with single crash records 

 



 
34 

 

Traffic Signal Cost Study: Method Limitations 

Two method limitations of the traffic signal cost study were infrastructure type used to 
estimate per-signal costs and there interpretation of the bid item classification. The cost data 
used to determine the average cost per signalized intersection was primarily MDOT 
signalization projects with high-end intelligent transportation system or connected-vehicle 
infrastructure. These infrastructure-to-vehicle-equipped traffic signals are unlikely to represent 
the whole of the local-agency signal project experience.  

Interpretation of the bid item classification is likely a source of error since it was subject to 
interpretation by people not familiar with the traffic signal project itself. Interpretation errors 
likely overestimate the extent of the project work since project limits outlined in the bid system 
are typically the maximum extent of all the work on the project and may not reflect the actual 
extent of the work.  

Another limitation was the inability to find an accurate way to estimate the number of updated 
intersections. Updated intersections were estimated using a combination of a count of the 
number of heads in the bid items and visual inspection.  
 

CONCLUSIONS 

This study method allows for future updates of the estimate of traffic signal assets to be 
completed with minimal effort as new crash data becomes available. This method enables 
TAMC to update its statewide inventory estimate without needing to develop and deploy a data 
collection and reporting system for the various owners of the transportation network. Since this 
method uses three years of crash data, re-running this method would be recommended after 
three years.  

The study method successfully located exact positions of most traffic signals even though 
location precision was not the focus of the study. An increase in location precision could be 
obtained by using two runs of this method: the first method run with a high consensus 
percentage (75 percent or greater) would identify locations with a 99-percent probability of 
having a traffic signal while the second method run with a low consensus percentage (25 
percent) would include almost all of the traffic signals. Comparing these two sets would allow 
reviewers to isolate a set of locations that could be visually inspected using geolocated aerial or 
street-level images. It is anticipated that this review set would be approximately 46 percent of 
the total signalized locations, thus greatly reduce search time when extreme accuracy was 
necessary.  
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The estimate contained herein of traffic signal assets and the geographic distribution of traffic 
signal assets should aid the TAMC in determining important considerations and next steps for 
managing traffic signal assets at a statewide level.  
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APPENDIX A GROUND TRUTH PERFORMANCE DATA 
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Gratiot Geographic County 
Consensus Percentage 50 52 55 60 
Missed Signals 0 0 0 0 
False Positives 0 0 0 0 
Signals Detected  1 1 1 1 
Ground Truth 1 1 1 1 
Detection Accuracy 100.0% 100.0% 100.0% 100.0% 
Location Precision  100.0% 100.0% 100.0% 100.0% 

 

Houghton Geographic County  
Consensus Percentage 50 52 55 60 
Missed Signals 0 0 0 0 
False Positives 0 0 0 0 
Signals Detected  0 0 0 0 
Ground Truth 0 0 0 0 
Detection Accuracy 100.0% 100.0% 100.0% 100.0% 
Location Precision  100.0% 100.0% 100.0% 100.0% 

 

Kalamazoo Geographic County 
Consensus Percentage 50 52 55 60 
Missed Signals 31 36 34 36 
False Positives 51 35 30 30 
Signals Detected  270 249 246 244 
Ground Truth 250 250 250 250 
Detection Accuracy 108.0% 99.6% 98.4% 97.6% 
Location Precision  87.6% 85.6% 86.4% 85.6% 

 

Kent Geographic County 
Consensus Percentage 50 52 55 60 
Missed Signals 49 51 54 61 
False Positives 75 47 45 43 
Signals Detected  523 493 488 479 
Ground Truth 497 497 497 497 
Detection Accuracy 105.2% 99.2% 98.2% 96.4% 
Location Precision  90.1% 89.7% 89.1% 87.7% 
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Midland Geographic County 
Consensus Percentage 50 52 55 60 
Missed Signals 9 9 9 10 
False Positives 9 6 6 6 
Signals Detected  73 70 70 69 
Ground Truth 73 73 73 73 
Detection Accuracy 100.0% 95.9% 95.9% 94.5% 
Location Precision  87.7% 87.7% 87.7% 86.3% 

 

Otsego Geographic County  
Consensus Percentage 50 52 55 60 
Missed Signals 0 0 0 0 
False Positives 1 0 0 0 
Signals Detected  4 3 3 3 
Ground Truth 3 3 3 3 
Detection Accuracy 133.3% 100.0% 100.0% 100.0% 
Location Precision  100.0% 100.0% 100.0% 100.0% 

 

Saginaw Geographic County 
Consensus Percentage 50 52 55 60 
Missed Signals 4 6 6 8 
False Positives 16 8 8 7 
Signals Detected  117 107 107 104 
Ground Truth 105 105 105 105 
Detection Accuracy 111.4% 101.9% 101.9% 99.0% 
Location Precision  96.2% 94.3% 94.3% 92.4% 

 

Washtenaw Geographic County  
Consensus Percentage 50 52 55 60 
Missed Signals 25 27 30 43 
False Positives 33 19 16 15 
Signals Detected  278 262 256 242 
Ground Truth 270 270 270 270 
Detection Accuracy 103.0% 97.0% 94.8% 89.6% 
Location Precision  90.7% 90.0% 88.9% 84.1% 
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City of Ann Arbor 
Consensus Percentage 50 52 55 60 
Missed Signals 9 9 15 18 
False Positives 12 8 11 7 
Signals Detected  134 130 127 120 
Ground Truth 131 131 131 131 
Detection Accuracy 102.3% 99.2% 96.9% 91.6% 
Location Precision  93.1% 93.1% 88.5% 86.3% 

 

Bay City 
Consensus Percentage 50 52 55 60 
Missed Signals 2 2 3 3 
False Positives 6 4 4 4 
Signals Detected  47 45 44 44 
Ground Truth 43 43 43 43 
Detection Accuracy 109.3% 104.7% 102.3% 102.3% 
Location Precision  95.3% 95.3% 93.0% 93.0% 

 

City of Grand Rapids 
Consensus Percentage 50 52 55 60 
Missed Signals 18 18 16 22 
False Positives 19 19 15 11 
Signals Detected  241 241 239 229 
Ground Truth 240 240 240 240 
Detection Accuracy 100.4% 239 99.6% 95.4% 
Location Precision  92.5% 239 93.3% 90.8% 

 

City of Kalamazoo 
Consensus Percentage 50 52 55 60 
Missed Signals 12 10 10 13 
False Positives 14 14 12 7 
Signals Detected  146 148 146 138 
Ground Truth 144 144 144 144 
Detection Accuracy 102.1% 102.1% 101.4% 95.8% 
Location Precision  91.7% 93.1% 93.1% 91.0% 
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City of Marquette 
Consensus Percentage 50 52 55 60 
Missed Signals 2 2 2 2 
False Positives 3 2 2 2 
Signals Detected  20 19 19 19 
Ground Truth 19 19 19 19 
Detection Accuracy 105.3% 100.0% 100.0% 100.0% 
Location Precision  89.5% 89.5% 89.5% 89.5% 
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APPENDIX B SIGNALIZED INTERSECTION COST DATA 
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